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Abstract 
 
A variety of statistical methods is available for detecting Differential Item Functioning (DIF) in the Rasch model.  Most of these 
methods consist of two approaches. The first is based on the comparison of the item parameters estimate pre-specified groups of 
subjects. The second is based on a comparison between all possible groups of subjects, regardless of person covariates. The 
purpose of this research is to compare the efficiency of Differential Item Functioning (DIF) detection between three methods: (1) 
Logistic regression based on classical test theory; (2) SIBTEST based on item response theory and (3) Raschtree based on model-
based recursive partitioning. Detection of DIF was collected through simulation. The first phase of the study revealed the 
advantages and disadvantages of these three methods from a literature review. The second phase of the research compared the 
efficiency of DIF detection using data simulation of four factors: type of item, number of DIF, test length and sample size. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
 
Most Differential Item Functioning (DIF) detection methods used in the Rasch model are based on a comparison 
of the parameters of the test, estimating between two or more groups that are pre-defined such as a group of men, 
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which is defined as the focal group, and a group of women, which is defined as the reference group (Strobl, Kopf & 
Zeileis, 2010). The advantage is that if DIF is detected, the result clearly explains whether the test is easy or difficult 
for each group of examinees and can be corrected accordingly. Moreover, it can eliminate or avoid patterns arising 
from the test in the future. The limitation of the models used in this test is that the researchers decide which group to 
examine for DIF. The variables commonly used in the test are age, gender, religion and language. Therefore, if there 
is a later analysis and differences between the groups are found in non-predefined variables, the results cannot be 
explained. In addition to the tests mentioned above, there is another method called the latent class approach, 
described by Rost (1990, cited in Strobl, Kopf & Zeileis, 2010), which is a strict test using the Rasch model because 
it aims at testing differences in the parameters of the tests between all the groups of examinees without considering 
the person covariates. This creates a limitation in explaining the effect clearly. A new approach that combines both 
the approaches mentioned above is the all groups recursive test, which gives clearly described results within the 
scope of possible covariates and allows DIF to be widely investigated.  This method is based on the techniques of 
model-based recursive partitioning by using statistics for a structural test rather than econometrics. Model-based 
recursive partitioning is a semi-parametric approach. The goal is to determine the differences in the parameters of 
the statistical models among the examinees, which determines the combination of covariates. This method, called 
Rasch tree, is presented by Strobl, Kopf and Zeileis (2010). The advantage of the Raschtree method is that it can 
detect both predefined and latent groups. The results of DIF will be displayed automatically, by detecting it in the 
test groups. Model-based recursive partitioning is related to the classification trees method. Research by Vaughn and 
Wang (2010) found that the classification trees method, which detects DIF, has the power of test and type I error rate 
equal to the Mantel-Haenszel and logistic regression methods. Therefore, there should be a comparison of efficacy 
between the detection results of the new method, the Raschtree model, and the detection analysis method using 
classical test theory (CTT) and the analytical method using item response theory (IRT), in order to study how the 
efficacy of the newly-developed detection method compares with detection methods that use CTT and IRT. 
 
2. Literature review 
 
Test unfairness occurs when subgroups of the examinees have an advantage or disadvantage; the term originally 
used was "item bias," which is used in a social context and has a negative meaning. For judging whether a test is 
biased or not, the observed influence of the subgroups studied is often considered regardless of the statistical 
method, thus resulting in ambiguity about the criteria used in judging bias. Later research methodologists developed 
methods for the analysis of item bias index by focusing on the differences between the groups of examinees who 
needed to answer the same test questions and then selecting the matching criteria. Furthermore, statistical 
information can be used as a means of judging the item bias, so the term was changed to "Differential Item 
Functioning (DIF)”, which is more neutral and more appropriate (Holland & Wainer, 1993). Differential Item 
Functioning (DIF) compares test results between at least two subgroups of examinees with the same level of talent.  
The test group having the advantage is called the reference group (R) and the group having the disadvantage is 
called the focal group (F), which is used for studying DIF. Tests have different functions when examinees who have 
the same level of capability but are in different groups, have an unequal chance of answering an item correctly (Li & 
Stout, 1996, cited in Saeaung, 2000); specifically, the size and direction of DIF will vary with different ability 
levels. DIF is divided into two different types (Mellenbergh, 1982, cited in Saeaung, 2000): (1) uniform DIF and (2) 
non-uniform DIF. The former occurs when there is no interaction between the level of ability of the examinees and 
their membership of a group. The latter occurs when there is interaction between the level of ability of the 
examinees and their membership of a group. Regarding detection methods, DIF for dichotomously scored items can 
be divided into two groups by the dimensional characteristics of variable criteria, as follows (Potenza & Dorans, 
1995; Feinstein, 1995,cited in Kanjanawasee, 2007): (1) the observed score group, which analyses the data in 
accordance with CTT using the criterion of the total score of the examinees for matching the groups of examinees; 
the important detection methods here are logistic regression (LR), transformed item difficulty (TID) and Mantel-
Haenszel (MH); (2) the latent variable group, which analyses the data based on IRT theory using the criterion of the 
estimated ability of the examinees for matching the groups of examinees; important detection methods include the 
measurement method of area differences between item response curves (IRT-D2), Lord’s Chi-square (Lord's F2), 
general IRT likelihood ratio, log-linear IRT likelihood ratio and SIBTEST. 
23 Supa Apinyapibal et al. /  Procedia - Social and Behavioral Sciences  191 ( 2015 )  21 – 25 
 
3. Research Methodology 
 
This research aims to compare the efficacy of Differential Item Functioning (DIF) for dichotomously scored 
items. The methods used are as follows: 
 
3.1 DIF analytical study 
 
From the synthesis of the research related to the study of DIF for dichotomously scored items, it can be 
concluded that: (1) the study of the effects of DIF can be classified according to various factors, including gender, 
race, difficulty of the test, the distribution of the examinees’ ability, the sample size, the length of the test and the 
number of the tests that exhibit DIF in related research, such as Shin and Wang (2009), Woods and Grimm (2011) 
and Demars and Lau (2011); (2) the methods commonly used to compare the efficacy of different ways of detecting 
DIF using CTT and IRT analytical methods are: the Mantel-Haenzel method and logistic regression, used to 
compare the power of the test (power rate) and type I error rate as shown in research by, amongst others, Hidalgo 
and Lopez-Pina (2004) and  Moses, Miao, and Dorans (2010) and Vaughn and Wang (2010). 
 
3.2 Comparative analysis of DIF method 
 
Hidalgo and Lopez-Pina (2004) studied DIF and effect size by comparing logistic regression analysis, Mantel-
Haenzel and revised Mantel-Haenzel methods. The conditions of the study included the difficulty value, the 
discrimination of the test, the size of the DIF and the discrepant item for both uniform DIF and non-uniform DIF 
using data simulation. The results showed that logistic regression analysis assessed symmetrically non-uniform DIF 
better than Mantel-Haenzel and revised Mantel-Haenzel methods; however, logistic regression analysis still lacked 
sufficient sensitivity to detect the effect size of DIF under specific conditions. Moses, Miao and Dorans (2010) 
conducted a study comparing strategies to estimate conditional DIF within science and history achievement tests, 
using simulations with real data from 52,896 people and 325,250 people respectively. They used four different 
methods to detect the differential item functioning including raw data, logistic regression analysis, log-linear models 
and Kernel smoothing. Their findings showed that logistic regression analysis was the best strategy in terms of bias 
and the variability of the estimation method. Vaughn and Wang 2010 ( ) conducted a study using classification trees 
to investigate DIF by comparing type I error and power of the test with the Mantel-Haenszel (MH) method and 
logistic regression (LR) analysis. The tools were tests with dichotomous scoring, using data simulation for forty 
items. The factors taken into consideration in the study had two components, the sample size in the reference and 
focal groups, together with the terms of the ability distribution. The results showed that classification trees were an 
alternative DIF detection method to the traditional method. The type I error and power of the test measurements 
were equivalent to those of the MH method and LR analysis.  
 
3.3 Use of simulated data to compare DIF analysis 
 
Data simulation uses mathematical methods to determine different circumstances under complex conditions, 
enabling the study of Differential Item Functioning (DIF) under various test conditions, which cannot be fully and 
completely conducted with general data (Harwell, 1996). Data simulation using item response theory (IRT) in a one-
parameter model simulates the response test of a unidimensional ability measurement structure with dichotomous 
scoring. The responses are recorded using four variable factors, namely (1) three types of item: values at high, 
medium and low levels; (2) two numbers of DIF: 10 percent and 20 percent; (3) two levels of test length: 40 items 
and 60 items, and (4) three levels of sample sizes: 250, 500 and 1,000 people. In total, thirty-six conditions were 
studied (3 types x 2 sizes x 2 sizes x 3 sizes) and every condition simulated the data 50 times. 
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4. Research results 
 
4.1 Results of DIF analysis using Logistic Regression Analysis and SIBTEST 
 
Roger and Swanminathan’s study (1993) found that logistic regression analysis was more effective at detecting 
non-uniform Differential Item Functioning (DIF) than the Mantel-Haenszel (MH) method. Narayanan and 
Swanminathan’s study (1994) found that when the distribution of capabilities among the examinees was equal, both 
the SIBTEST and MH methods were equally effective. On the other hand, when the distribution of capabilities 
among the examinees was unequal, the SIBTEST method was more effective than the MH. Narayanan and 
Swanminathan’s later study (1996) found that the LR method was more effective in detecting non-uniform DIF than 
the MH method under nearly all conditions examined. Thus it is known that the MH method cannot identify non-
uniform DIF. The SIBTEST and the LR method had equal power of test under nearly all conditions examined. 
Moreover, Saeaung’s study (2000) found that the LR method and modified SIBTEST had equal power of test under 
nearly all conditions examined and both methods had a higher power of test than the traditional SIBTEST and 
modified MH methods.  
 
4.2 Results of DIF analysis using Raschtree 
 
The Raschtree method was proposed by Strobl, Kopf and Zeileis (2010). The advantage of the Raschtree method 
is that it can detect both pre-defined and latent groups. The results of DIF can be displayed automatically by 
assessing the test groups. Moreover, in the process of determining the cut point for groups of different functions, it 
creates different parameters and the results of this analysis will be shown in diagrams that clearly explain the item 
groups and can be easily understood by the examinees. The model-based recursive partitioning method is related to 
the classification trees method. Vaughn and Wang’s research (2010) found that the classification trees method of 
detecting Differential Item Functioning (DIF) has power of test and type I error rates equal to the MH and LR 
methods. 
 
4.3 Advantages and Disadvantages of three DIF analysis methods 
 
             Table 1: Advantages and Disadvantages of three DIF analysis methods 
Subject Logistic regression SIBTEST Raschtree 
1. Detecting both uniform and non-uniform DIF 3 3 3 
2. Detecting both differential test functioning (DTF) and differential 
bundle functioning (DBF) 
 3  
3. Applicable with polytomous scoring DIF 3 3  
4. Analysis of both unidimensional and multidimensional tests   3  
5. Flexible and easy-to-use analytical model 3   
6. Detects DIF with multiple groups of examinees  3  3 
7. Detects both pre-defined and latent groups   3 
8. Easily calculated, uncomplicated, cost saving and small sample 
size 
 3 3 
9. Uses statistics to test the significance of hypotheses 3 3  
10. Analytical results can be displayed in the form of diagram which 
clearly explain the item groups and can be easily understood by the 
examinees 
  3 
11. No sensibility in detecting non-unidirectional DIF  3  
12. Statistics vary with sample groups 3  3 
13. The total score of the test including DIF was used as matching 
criteria 
3  3 
 
 
5. Conclusion and discussion 
 
This research compared the efficiency of three methods of DIF detection of dichotomously scored items, logistic 
regression, SIBTEST and Raschtree, by reviewing related research documents. It was found that (1) logistic 
regression is effective in detecting both uniform and non-uniform DIF and can be applied to detect polytomously 
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scored DIF; the analysis model is flexible and easy to use; it can also be used to detect DIF with several groups of 
examinees and can use statistics to test the significance of hypotheses. However, there are limitations to the stability 
of the statistics, which vary according to the sample group and the total score as the matching criteria. (2) The 
SIBTEST method can be used to detect both uniform and non-uniform DIF and to detect both differential test 
functioning (DTF) and differential bundle functioning (DBF). Moreover, it can be applied to detect polytomously 
scored DIF and to analyse both one-dimensional and multidimensional tests. It can be easily calculated, 
uncomplicated and cost saving and does not require large samples. In addition, it uses statistical significance testing 
of hypotheses. However, there is a limit to the sensitivity in detecting non-unidirectional DIF. (3) The outstanding 
points of the Raschtree method are that it can detect both pre-defined and latent groups and analytical results can be 
displayed in the form of a diagram which clearly explains the item groups and can be easily understood by the 
examinees. However, there are similar limitations to the logistic regression method. The next study will show a 
comparison of the efficacy of DIF detection from simulated data by using data simulation under a one-parameter 
item response theory model. The data will be arranged in accordance with four variable factors: three types of item, 
two numbers of DIF, two levels of test length and three levels of sample sizes. There will be a total of 36 conditions 
to be studied (3 types x 2 sizes x 2 sizes x 3 sizes), to make a clearer comparison of the efficacy of the three 
methods. 
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